The Štiavnica Stratovolcano in Central Slovakia is the largest volcano in the Neogene to Quaternary Carpathian volcanic arc. A large caldera, an extensive subvolcanic intrusive complex and a resurgent horst with late stage rhyolite volcanites are the most characteristic features. The results of new K-Ar and Rb-Sr isotope dating using more sophisticated methodical approaches have changed our view on the timing of volcanic and intrusive activity. K-Ar dating of groundmass fractions combined with Rb-Sr isochron dating in the cases of possible rejuvenation has provided highly reliable results. The lifespan of the stratovolcano is apparently shorter than assumed earlier. Evolution of the stratovolcano took place in five stages during the Early Badenian to beginning of Early Pannonian time: (1) construction of the extensive andesite stratovolcano during the interval 15.0-13.5 Ma; (2) denudation of the volcano concluded with the initial subsidence of a caldera and the contemporaneous emplacement of a subvolcanic intrusive complex of diorite, granodiorite, granodiorite porphyries and quartz-diorite porphyries during the interval 13.5-12.9 Ma; (3) subsidence of the caldera and its filling by differentiated andesites during the interval 13.1-12.7 Ma -volcanic activity overlapping with the emplacement of the youngest intrusions; (4) renewed explosive and effusive activity of less differentiated andesites during the interval 12.7-12.2 Ma; (5) uplift of the resurgent horst in the central part of the caldera accompanied by rhyolite volcanic/intrusive activity during the interval 12.2-11.4 Ma. Extensive epithermal mineralization was contemporaneous with the uplift of the resurgent horst and rhyolite volcanic activity and continued till 10.7 Ma.
Introduction
The Štiavnica Stratovolcano in Central Slovakia is the largest volcano among Neogene to Quaternary volcanoes at the inner side of the Carpathian arc. Despite a long lasting denudation, rocks of the volcano still cover the area of 2200 km 2 . It shows a complex structure involving differentiated rocks, an extensive multiple stage subvolcanic intrusive complex, a caldera 18 22 km and a late stage resurgent horst accompanied by rhyolite volcanic activity. The central zone of the volcano hosts rich intrusion-related and epithermal base/precious metal mineralizations that have been the basis for a long lasting mining tradition and for the rise of the famous medieval mining city of Banská Štiavnica.
Evolution of the stratovolcano took place in five stages during the Early Badenian to Early Pannonian time. While the succession of volcanic formations, subvolcanic intrusive rocks and related metallogenetic processes is quite well established (Konečný et al. 1983 Lexa et al. 1999a; Koděra & Lexa 2003) , the exact timing and duration of volcanic, intrusive and hydrothermal activity remains uncertain. Available biostratigraphic data, including extensive palynology records (Planderová in Konečný et al. 1983; Planderová , VLADIMIR A. LEBEDEV 1 and YURIJ V. GOLTSMAN 1990) and isotope dating results are often contradictory due to remaining problems in the chronostratigraphic assignment of lithostratigraphic units, in the correlation of Paratethys stratigraphic stages with isotope ages, in the complexity of isotope data interpretation in areas of repeated magmatic activity and hydrothermal alterations, and also due to a rather low quality of some of the past isotope datings. Uncertainty in the timing and duration of volcanic, intrusive and hydrothermal activities has been a reason for additional effort based on more advanced and sophisticated methods of isotope dating and their interpretation. As the outcome of the effort we present an updated evolutionary scheme of the Štiav-nica Stratovolcano based on new results of K-Ar and Rb-Sr isotope dating, critical evaluation of available biostratigraphic data and published results of previous isotope dating.
Correlation of biostratigraphic and isotope chronology data is based on the chronostratigraphic assignment of relevant lithostratigraphic units by Kováč et al. (2005) and the newest version of the isotope time scale for the central and eastern Paratethys by Harzhauser & Piller (2007 Kováč et al. 2005) , Sarmatian 12.7-11.6 Ma (Early and Late Sarmatian are well defined only in the Eastern Paratethys with boundary at 12.0 Ma), Pannonian 11.6-7.2 Ma (with boundaries Early/Middle and Middle/ Late Pannonian at 10.5 Ma and 9.0 Ma, respectively; Kováč et al. 2005) , Pontian 7.2-5.3 Ma.
Structure of the stratovolcano and stages of volcanic and intrusive activity
The Štiavnica Stratovolcano occupies the SW part of the Central Slovakia Neogene Volcanic Field (Fig. 1) . It is the largest as well as the most complex volcano of the field. Its volcanic products extend over an area exceeding 2000 km 2 . At the outskirts its rocks overlap mutually with rocks of neighboring stratovolcanoes -Javorie Stratovolcano in the east, stratovolcanoes of Kremnické vrchy mountain range in the north and Vtáčnik Stratovolcano in the northwest. Most of the volcano evolved in a terrestrial environment and volcanic facies grade in the distal zone into volcano-sedimentary complexes that were laid down in the ephemeral stream, fluvial, and/or limnic environments (Fig. 2) . However, in the south volcanic products reached the coastal zone of an epi-continental sea, so volcanic facies in the distal zone grade into volcano-sedimentary complexes laid down in the littoral and sublittoral marine environments.
The structure and evolutionary stages of the Štiavnica Stratovolcano have already been described in greater detail elsewhere . Here we present a summary as a basis for the discussion on the timing of volcanic activity. The main structural units of the stratovolcano correspond to five essential stages distinguished in its evolution (Konečný 1970 (Konečný , 1971 Konečný & Lexa 2001) : (1) the lower structural unit representing products of the first, pre-caldera stage andesite volcanic activity; (2) the subvolcanic/intravolcanic intrusive complexes that were emplaced during a break in volcanic activity (the second stage); (3) the middle structural unit representing products of the third, caldera stage volcanic activity of differentiated rocks, filling the caldera and paleovalleys on the slopes of the stratovolcano; (4) the upper structural unit representing products of the fourth, post-caldera stage andesite volcanic activity; (5) the Jastrabá Formation representing products of the fifth, late-stage rhyolite volcanic activity associated with the uplift of the resurgent horst. Rocks of the lower structural unit rest variably directly on pre-Neogene basement, pre-volcanic sedimentary rocks and/or early volcanic products of garnet-bearing andesites. Succession of units/stages is based on superposition and major unconformities established by geological mapping and sporadic biostratigraphic data including evaluation of palynomorphs. The results of previous isotopic dating are reviewed in the discussion.
The terms complex and formation are used in the text to designate both formal lithostratigraphic units, in which case they are written in italics with capitalized first letters, Fig. 1 . Position of the Štiavnica Stratovolcano in the structural framework of the Carpathian arc and Pannonian Basin (A) and in the structural scheme of the Central Slovakia Neogene Volcanic Field (B). Modified after Konečný et al. (1995) and Pécskay et al. (2006) .
Lower structural unit -the first stage
The first stage in the evolution of the stratovolcano corresponds to rocks of the lower structural unit. This unit comprises pyroxene and hornblende-pyroxene andesite stratovolcanic complexes/formations of the Badenian volcanic activity that took place before the caldera subsidence. Paleovolcanic reconstruction reveals remnants of a large stratovolcano, over 40 km in diameter, surrounded by accumulations of epiclastic volcanic rocks. Rocks of the lower structural unit are often covered by younger volcanic products of the caldera and post-caldera stages (Fig. 2) .
In the central zone of the stratovolcano the lower structural unit is exposed in the eastern half of the resurgent horst (Figs. 2, 3) . Here, the former stratovolcano has been deeply eroded and the lower structural unit consists of pyroxene, amphibole-pyroxene and biotite-amphibole-pyroxene andesite porphyry sills and laccoliths that crop out in the lower part of the andesite stratovolcanic complex.
In the proximal zone (outside of the caldera), the precaldera stage stratovolcanic complexes of the lower structural unit are not uniform. Mutual age relationships among rocks exposed in different sectors of the stratovolcano are not known. In the northeast, the lower part of the exposed stratovolcanic complex consists of biotite-amphibole-pyroxene andesites, while the upper part consists mostly of pyroxene andesites. The complex also hosts a large biotite-bearing hornblende-pyroxene andesite porphyry laccolith.
In the western sector pyroxene and amphibole-pyroxene andesite lava flows dominate over sporadic epiclastic volcanic breccias. At the lowermost part of the volcanic complex there are glassy and leucocratic pyroxene andesites accompanied by hyaloclastite breccias. In the borehole PKŠ-1 Gondovo rocks of the first stage rest on marine sedimentary rocks of the late Early Badenian age (Brestenská in Karolus et al. 1975 ). Closer to the central zone, the complex of lava flows has been invaded by andesite porphyry sills and laccoliths, as well as pyroxene-amphibole andesite extrusive domes.
Several volcanic formations have been distinguished in the lower structural unit in the south-eastern sector of the stratovolcano (Figs. 4, 5) . The oldest effusive complex of pyroxene andesites is locally covered by hypersthene-amphibole andesite extrusive domes and related pyroclastic flows and epiclastic volcanic breccias. Both are covered by a slightly younger extensive stratovolcanic complex of amphibole-pyroxene andesite lava flows, extrusive domes, pyroclastic flows and epiclastic volcanic breccias of the Sebechleby Formation. The formation extends southward into the marine environment where it comprises laharic breccias, conglomerates and sandstones that alternate eventually with fauna-bearing marine sedimentary rocks (Fig. 4) . Mafic pyroxene andesite lava flows of the Žibritov Effusive Complex conclude the succession of the lower structural unit in the SE sector of the stratovolcano.
It follows that the first, pre-caldera stage in evolution of the stratovolcano involved a gradual formation of a large andesite stratovolcano with related aprons of epiclastic volcanic rocks. Generally, the early activity of dominantly pyroxene andesites was followed by activity of more evolved and often porphyritic amphibole-pyroxene, pyroxene-amphibole and biotite amphibole-pyroxene andesites (Figs. 4, 5) . However, mafic pyroxene andesites also appeared among the youngest volcanic products of the first stage. During maturity of the first stage stratovolcano, emplacement of extrusive domes, diorite porphyry intrusions and andesite to andesite porphyry sills and laccoliths took place, with the exception of the extrusive domes preferentially into the lower parts of volcanic complex in the central and proximal zones of the stratovolcano.
The south distal zone of the stratovolcano evolved in a shallow marine environment ) and biostratigraphic evidence is available for timing of the beginning of volcanic activity. In the borehole PKŠ-1 Gondovo in the SW sector of the stratovolcano (Fig. 2) , the beginning of volcanic activity is recorded by reworked pumice tuffs at the depth of 822.4 m covered by breccias and lava flows of the lower structural unit (Karolus et al. 1975) . Fauna in underlying marine sedimentary rocks points to the uppermost Lower to lowermost Upper(?) Badenian stage (Brestenská in Karolus et al. 1975) . In the borehole ŠV-8 (Dolné Semerovce) tuffaceous sediments corresponding to the first stage of the Štiav-nica Stratovolcano occur in the interval 194-430 m (Fig. 2) . Macrofauna, foraminifera, palynomorphs and calcareous nannofossils at the interval 270-430 m imply the late Early Badenian age (Zone NN5), while in the interval 194-270 m they imply the early Late Badenian age (beginning of the Zone NN6) Ozdínová 2008) . In the borehole GK-3 Horné Rykynčice in the southern sector of the stratovolcano (Fig. 2) , the beginning of volcanic activity is recorded by reworked pumice tuffs in marine sedimentary rocks at the depth of 618 m covered by pyroclastic flow breccia and a complex of epiclastic volcanic breccias, conglomerates and sandstones representing the distal zone of the first stage andesite stratovolcano (Konečný et al. 1966) . Palynological evidence from underlying marine sedimentary rocks with reworked material of garnet-bearing andesites points to the Early Badenian age (Planderová in Konečný et al. 1983 ). Middle to late Early Badenian age is implied by microfauna and palynomorphs in marine siltstones interbedded with epiclastic volcanic sandstones in the interval 237-0 m (Lehotayová in Konečný et al. 1966; Brestenská et al. 1980 Konečný et al. 1983) . Overlying epiclastic volcanic breccias and conglomerates belong to the Sebechleby Formation.
Subvolcanic/intravolcanic intrusive complexes -the second stage
The second stage in the evolution of the Štiavnica Stratovolcano corresponded to a long lasting break in volcanic activity and extensive denudation of the former stratovolcano down to a thickness of 500-1000 m. In the SW sector of the stratovolcano the break in volcanic activity is indicated by shallow marine tuffaceous sedimentary rocks that rest on top of the Sebechleby Formation (first stage) and are covered by pumice tuffs of the Lower Sarmatian Ladzany Formation (fourth stage). In the borehole ŠV-8 Dolné Semerovce (Fig. 2) they are represented by marly clays and sandy clays with tuffitic intercalations in the interval 21-194 m. Macrofauna, foraminifera, palynomorphs and calcareous nannofossils at this interval imply the Upper Badenian stage (Zone NN6) Ozdínová 2008) . The period of denudation was concluded by the initial subsidence in the central part of the stratovolcano, giving rise to local depressions with lacustrine and/or limnic environments. Related volcano-sedimentary deposits of the Červená studňa Formation are described as a part of the middle structural unit below. Palynology has confirmed the uppermost Upper Badenian stage (Planderová in Konečný et al. 1983) .
However, the break in volcanic activity did not represent a break in magmatic activity. Evolution of magma in a shallow magma chamber (Lexa et al. 1998b; Konečný 2002) led to a repeated emplacement of extensive subvolcanic/intravolcanic intrusive bodies and complexes. These crop out in the uplifted block of the resurgent horst, in the central zone of the stratovolcano (Figs. 2, 3 ). The age of subvolcanic intrusions is not equally constrained. Taking into account mutual crosscutting their emplacement took place in the following order (Konečný et al. 1993 Konečný & Lexa 2001) :
The oldest Hodruša-Štiavnica Intrusive Complex, that crops out in the central part of the resurgent horst comprises an older diorite subvolcanic intrusion and a younger granodiorite bell-jar pluton that extends over an area of 100 km 2 . Both intrusions invaded basement rocks underlying the volcanic complex.
Granodiorite to quartz-diorite porphyry dyke clusters and small stocks of the Zlatno Intrusive Complex situated at the periphery of the granodiorite pluton postdate the pluton. Diorite to quartz-diorite porphyry sills and dykes of the Banisko Intrusive Complex show some features that are characteristic of ring dykes. They have invaded major discontinuities in the basement, the granodiorite pluton, the contact between basement and volcanic complex and the overlying volcanic complex of the lower structural unit. The highest level sills have reached the lower part of the caldera filling. Outward dipping dykes show a preferential orientation in the directions N-S to NE-SW.
All the intrusions are younger than andesites and andesite porphyries of the first stage. Their relationship to the caldera filling of the third stage is not known with one exception -quartz-diorite porphyry sills and dykes of the youngest Banisko Intrusive Complex are also emplaced in the lowermost parts of the caldera filling. That implies a partial overlap among the second and third stages.
Middle structural unit (caldera filling) -the third stage
The third stage is also called the caldera stage. During this stage the Štiavnica Stratovolcano Caldera subsided and was filled by differentiated rocks of biotite-hornblende andesite to dacite composition. The caldera 18 22 km is of a oval form (Fig. 2) . The extent of its subsidence is estimated at 500 m. At the base of the caldera filling there are lacustrine and limnic sediments of the Červená studňa Formation -reworked tuffs, fine epiclastic volcanic breccias and sandstones, siltstones and tuffaceous clays including lignite seams. Close to the margins of the caldera, the formation also includes coarse epiclastic volcanic breccias and a single biotite-amphibole-pyroxene andesite lava flow in the south.
The caldera is filled with rocks of the Studenec Formation comprising biotite-amphibole andesite to amphibole-biotite dacite extrusive domes, dome flows, pyroclastic flow breccias, ignimbrites and epiclastic volcanic breccias (Figs. 3, 5) . The early stage of the subsidence associated with explosive activity that gave rise to pumice fall and pumice flow deposits that along with reworked tuffs and epiclastic volcanic sandstones/siltstones rest upon sedimentary rocks of the Červená studňa Formation (Figs. 4, 5) . Subsequent extrusive activity filled the caldera with extrusive domes, domeflows, pyroclastic flow breccias and related coarse epiclastic volcanic breccias of the Studenec Formation 350-500 m in thickness. Remaining local morphological depressions hosted marshes and temporary lakes giving rise to overlying horizons of the lacustrine and limnic type deposits with diatomaceous earth and/or silicite intercalations. Where former paleovalleys were cut off by the caldera fault, the caldera walls were rather low and products of the caldera-related volcanic activity passed over on the slopes of the stratovolcano filling the paleovalleys up to a thickness of 200 meters (mostly thick lava flows, pyroclastic flow deposits and epiclastic volcanic breccias). At the foot of the stratovolcano epiclastic volcanic rocks in filling of the paleovalleys passed outward into distal facies ephemeral stream, lacustrine and limnic deposits, including locally lignite seams (Obyce lignite deposit at west, Zvolenská kotlina Basin at northeast) (Fig. 2) .
There are no marine sedimentary rocks interbedded with rocks of the Studenec Formation and no biostratigraphic data based on marine fauna are available. Palynomorphs in lacustrine siltstones and claystones at the base and top of the Studenec Formation in the caldera as well as in sediments interbedded with distal facies rocks at the outskirts of the stratovolcano point to the time interval: end of Late Badenian -beginning of Early Sarmatian (Planderová in Konečný et al. 1983) . Macroflora in diatomaceous limnic deposits overlying caldera filling in its northern part has been assigned to the Lower Sarmatian (Sitár 1973) .
Upper structural unit -the fourth stage
The unit comprises andesite explosive, stratovolcanic and effusive volcanic complexes and formations that represent volcanic activity post-dating the caldera subsidence and predating the uplift of the resurgent horst and related rhyolitic volcanic activity. Individual complexes/formations are spatially limited to certain sectors of the volcano (Fig. 2) , and often separated by short periods of erosion. Relevant volcanic centers were situated on slopes of the stratovolcano, along the caldera margin and inside the caldera. Volcanic rocks covered the caldera, accumulated in paleovalleys on slopes of the stratovolcano and spread into broader accumulations at the foot of the stratovolcano. Hyaloclastite breccias and extensive horizons of conglomerates, sandstones and reworked tuffs reveal a shallow marine environment in the southern sector of the stratovolcano. Accumulation of volcanic rocks in different sectors of the stratovolcano reflected a successive activation of individual volcanic centers. No individual section provides a complete record. A complete succession of formations and complexes is based on the correlation of local stratigraphic columns (Fig. 5) : (1) Distal facies volcanic products of the fourth stage reached a marine environment in the south. Reworked tuffs and tuffaceous sediments corresponding to the Ladzany and Drastvica Formations include macrofauna of the Early Sarmatian age (Brestenská 1970; Karolus & Váňová 1973) . Freshwater lacustrine deposits interbedded with volcanic formations of the fourth stage elsewhere contain remnants of macroflora and palynomorphs pointing to the Early Sarmatian age of the Ba an Formation and Biely Kameň Formation and Breznica Complex (Němejc 1967; Sitár 1973; Planderová in Konečný et al. 1983 ).
Rhyolites of the Jastrabá Formation -the fifth stage
Rhyolite volcanic activity of the fifth, late stage associated with an uplift of the asymmetric resurgent horst in the center of the caldera and its denudation to the level of basement rocks and with a contemporaneous subsidence of the Žiar Depression at the northern sector of the stratovolcano. We explain these phenomena using the model of Smith & Bailey (1968) for resurgent cauldrons as being caused by a large scale relocation of rhyolite magma from underneath the Žiar Depression to the roots of the resurgent horst and related isostatic equilibration (Konečný 1971; Konečný et al. 1998 ). The volcanic centers of the rhyolite volcanic activity were situated on marginal faults of the resurgent horst, marginal faults of the Žiar Depression and N-S striking fault systems west of the Žiar Depression (Nová Baňa-K ak fault system) ( Fig. 2) .
Products of the rhyolite magmatism (Jastrabá Formation) appear as dykes, intrusions and extrusive domes on N-S to NE-SW striking faults. West of the caldera they associate with faults of the Nová Baňa-K ak volcano-tectonic zone. In the central zone of the Štiavnica Stratovolcano rhyolite dykes and extrusive domes follow marginal faults of the resurgent horst, especially at its western and north-western sides. In the northern sector of the stratovolcano an extensive dome/flow complex with related pyroclastic and epiclastic volcanic rocks spreads along the south-eastern and eastern marginal faults of the Žiar Depression.
Early sporadic extrusive and explosive activity of rhyodacites was followed by a widespread activity of plagioclase and plagioclase-sanidine rhyolites. Products of the late activity of plagioclase-quartz-sanidine rhyolites are found in the northern part of the Žiar Depression interbedded with lacustrine and/or limnic type deposits with horizons of sedimentary and/or hot spring silicites that are related to the outflow of fluids from the Kremnica epithermal system (Koděra et al. 2010) . Dark silicites and associated carbonaceous clays are rich in palynomorphs implying the Late Sarmatian to Early Pannonian age (Planderová in Konečný et al. 1983) . No other direct biostratigraphic data are available. In the Žiar Depression rhyolite volcanites of the Jastrabá Formation rest upon sedimentary rocks of the Upper Sarmatian stage and are covered by sedimentary rocks of the Upper Pannonian and Pontian stages (Konečný et al. 1983; Lexa et al. 1998a) .
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Post-rhyolite volcanic formations
In the Štiavnica Stratovolcano area there are minor occurrences of younger volcanic activity represented by high alumina and alkali basalts (Fig. 2) . High alumina basalt dykes, sills, lava flows and tuff cone of the Šibeničný vrch Complex in the surroundings of the town of Žiar nad Hronom postdate rhyolite volcanic activity. Sporadic activity of alkali basalts (nepheline basanites) created two necks east of the town of Banská Štiavnica, extensive lava flows at the eastern base of the stratovolcano and a small volcano, Pútikov vŕšok, next to the town of Nová Baňa to the west. Its lava flows rest upon Quaternary terrace accumulations of the river Hron.
Related ore mineralizations
The Štiavnica Stratovolcano hosts intrusion-related, as well as extensive epithermal base metal, silver and gold mineralizations. Details of metallogeny have been treated extensively elsewhere (e.g. Lexa et al. 1999a; Lexa 2001 ; references in these papers). Here we refer only to the established relationship between the metallogenetic processes and the structure and evolution of the stratovolcano.
No metallogenetic processes are related to the andesites and andesite porphyries of the lower structural unit. However, rocks of this unit host many of the younger mineralizations.
The diorite intrusion of the Hodruša-Štiavnica Intrusive Complex is the parental intrusion of the high sulphidation system of Šobov that is hosted by andesites of the lower structural unit (Onačila et al. 1995; Lexa et al. 1999a,b) .
The granodiorite intrusion of the Hodruša-Štiavnica Intrusive Complex is the parental body for the magnetite skarn mineralization that affected surrounding carbonate rocks. It is also the parental body as well as the host for the intrusion-related stockwork/disseminated base metal mineralization (Onačila et al. 1995; Koděra et al. 1998 Koděra et al. , 2004 Lexa et al. 1999a) .
The granodiorite to quartz-diorite porphyry stocks and dyke clusters of the Zlatno Intrusive Complex are the parental intrusions of the porphyry/skarn Cu± Au, Mo mineralization at the localities Zlatno, Šementlov, Medené, Kozí potok, Handerlová and Sklené Teplice-Vydričná dolina (Onačila et al. 1995; Lexa et al. 1999a) .
The Rozália mine epithermal gold mineralization in Hodruša is hosted by andesites and andesite porphyries of the lower structural unit. It evolved during the early stage of the caldera subsidence, prior to the emplacement of quartz-diorite sills of the Banisko Intrusive Complex (Koděra & Lexa 2003; Koděra et al. 2005) . The barren hot spring systems of Dekýš and Čer-vená studňa, hosted by rocks of the Červená studňa Formation and lower part of the Studenec Formation, evolved roughly in the same time interval (Onačila et al. 1995; Lexa 2001) .
The Varta high sulphidation system next to the town of Banská Belá is situated in rocks of the Studenec Formation filling the caldera. We assume a relationship to the hypothetical porphyry intrusion emplaced during the caldera stage of the stratovolcano.
The extensive system of base metal, silver-base metal and gold-silver epithermal veins is hosted by faults of the resurgent horst. The rather long living system evolved during the uplift of the resurgent horst. Evolution of the system took place during and after the late stage rhyolitic magmatic activity (Kovalenker et al. 1991; Onačila et al. 1995; Chernyshev et al. 1995; Lexa et al. 1999a; Háber et al. 2001; Lexa 2001 ).
Methodology of the new K-Ar and Rb-Sr isotope dating

K-Ar method
Radiogenic 40 Ar content measurements were performed by isotope dilution method with 38 Ar as a spike. The MI-1201 IG mass spectrometer with low-blank argon extraction and purification device was used. The overall analytical system was developed and calibrated for young (Neogene-Quaternary) magmatic rock dating (Chernyshev et al. 2002 (Chernyshev et al. , 2006 . Argon isotope analyses were conducted in static regime of mass-spectrometer measurements at resolving power ~1200. The last provided the interference elimination on the 36 m/e mass peak: the argon isotope peak ( 36 Ar + , 35.98 m/e) was resolved from the isobaric peak ( 12 C 3 + , 36.01 m/e). The overall system sensitivity in argon was 5 10 -3 A/tor, total blank did not exceed 3 10 -3 and 1 10 -5 ng in isotopes 40 Ar and 36 Ar respectively. The potassium content was determined by the flame spectrophotometry method. In the case of plagioclase monomineral samples having low ( < 0.5 %) potassium content the isotope dilution method with 39 K spike was used. The accuracy was controlled by systematic analyses of the geochronological standard samples Bern-4 (muscovite), P-207 (muscovite) and 1/76 (basalt).
Rb-Sr method
The isotope dilution method with 85 Rb+ 84 Rb as mixed spike was used to assess Rb and Sr contents. Whole rock and monomineral samples, 10-20 mg in mass, were decomposed in acid and then subjected to Rb and Sr extraction at the column with the Dowex 50 8 (200-400 mesh) anion exchange resin. Rb and Sr mass-spectrometric measurements were performed on the thermal ionization 7-collector Micromass Sector 54 mass-spectrometer. The accuracy was controlled by systematic analyses of the Sr SRM-987 standard sample. The overall errors of the 87 Rb/ 86 Sr and 87 Sr/ 86 Sr ratios determination that were used in isochron calculations averaged ± 0.5 % and ± 0.005 % respectively.
Precision of the K-Ar and Rb-Sr age data
Errors of all isotope age values that are summarized and discussed in the present paper correspond to the ± 2 level. They differ for individual samples. Errors of K-Ar ages average around ± 3.5 % relative (around ± 0.35 Ma in the case of our results) and represent exclusively analytical errors. Roughly ± 1.5 % relative of this error value constitutes the error of the potassium content determination. The rest repre- Ar determination that in turn depends on the sum of mass-spectrometric measurement errors as well as on the non-radiogenic 40 Ar content in individual samples. The K-Ar age determination errors were calculated using the formula of Baksi et al. (1967) as recommended by Baksi (1982) for the case of individual Ar isotopes error estimates.
The 2 -errors of Rb-Sr isochron ages are less than the errors of K-Ar ages. Their value varies around 0.33 Ma. In this case the error does not represent as much a sum of analytical errors. It is rather given by deviation of data points incorporated into the isochron calculation relative to the isochron regression line.
The following constants recommended by the IUGS Subcomission for Geochronology (Steiger & Jäger 1977) Ar isotope ratio in geochronological calculations is the accepted air value equal to 295.5 the above mentioned phenomena are attributable most often to the Ar isotope composition un-equilibration in associated mineral components of the rock -some components (especially low-K mineral phenocrysts) may have an initial 40 Ar/ 36 Ar isotope ratio higher than 295.5, indicating an excess radiogenic argon presence. The geological mechanisms of this phenomenon are related to the earlier phenocryst crystallization in respect to rock groundmass crystallization. For argon sources with increased 40 Ar/ 36 Ar isotope ratio ( > 295.5) the following processes might be relevant: 1) melt inclusions in phenocrysts; 2) the argon contained in melt as gaseous component captured in lattice of crystallizing phenocrysts; 3) the argon retained in cores of phenocrysts during magma contamination by older sialic crustal material -cores of phenocrysts in this case represent remnants of assimilated crustal rocks that later played the role of phenocryst crystallization centers (Chernyshev et al. 1999 (Chernyshev et al. , 2002 (Chernyshev et al. , 2006 . The phenomenon of excess radiogenic argon is characteristic especially for phenocrysts with low potassium content -pyroxene, plagioclase and amphibole. Its effect in the case of potassium-rich biotite is questionable for Miocene rocks. If different ages are obtained for biotite-groundmass pairs an effect of radiogenic argon loss of one of the fractions due to reheating or secondary processes is a more probable cause. Biotite, as well as groundmass K-feldspars and glass, are sensitive to these processes. In such a case the higher age of the pair is considered as the more dependable one.
The data set forth here and the above considerations give us a basis for concluding that volcanic rock groundmass, that evolved from erupted and consequently mostly out-gassed material, represents the most acceptable K-Ar geochronometer with the exception of samples affected by rejuvenation. Its usage for geochronological studies of young volcanic rock does not exclude a parallel, more detailed study involving also K-Ar measurements of phenocrysts. In this respect we believe, that such a detailed study as performed on volcanic rocks of the Štiavnica Stratovolcano also brings methodological benefits (Appendix 1). Out of 9 rocks studied with data on both, plagioclase phenocrysts and groundmass, in 3 cases K-Ar age values obtained from plagioclase phenocrysts and groundmass of the same rock are consistent within the analytical error intervals. However, in the case of 6 rocks (GK-110, GP-11/02, GK-16, GP-57, GK-105, GK-21) the K-Ar ages obtained from groundmass and plagioclase phenocrysts differ significantly by 1.6 to 3.3 Ma, the age values of plagioclase phenocrysts being older than the age values of groundmass in the same rock. It follows that a whole-rock sample K-Ar dating of the Štiavnica Stratovolcano rocks generally could lead to acquisition of incorrect age data. The discussed phenomenon is one of the causes of many discrepancies and contradictions among age estimations based previously upon K-Ar dating of whole-rock samples (Konečný et al. 1969; Bagdasarjan et al. 1970; Merlitsh & Spitkovskaya in Štohl 1976; Bagdasarjan in Konečný et al. 1983; Kantor et al. 1988) . Another cause could be connected with the significant ( ± 2-3 Ma) errors of earlier results due to the limitations of analytical isotope techniques more than 30 years ago. The third cause is related to a possible partial or complete rejuvenation of minerals with low closing temperature due to reheating by an extensive hydrothermal system in the central zone of the stratovolcano.
To eliminate a possible influence of excess radiogenic argon in phenocrysts of plagioclase, pyroxenes and amphiboles upon the age of dated rocks the present work is based especially upon the K-Ar dating results obtained by analyses of groundmass (matrix, glass) separated from phenocrysts. Some andesites, out of studied ones, contain subordinate biotite phenocrysts in sufficient quantity to enable Rb-Sr analyses. The Rb-Sr method of dating was applied to intrusive rocks as well as to felsic volcanic rocks of the Štiavnica Stratovolcano.
The Sr of other phases. In such a case it is especially biotite that determines the isochrone slope and the isochrone age is more or less the biotite age. With the exception of two samples, the MSWD parameter is greater than 1. This suggests that a geochemical dispersion of the data relatively to the isochrone regression line exists beside an analytical scatter of data points. Such a situation appears to be bound to young magmatic rocks, including rocks of the Štiavnica Stratovolcano. At low radiogenic 
New K-Ar and Rb-Sr data
The set of studied samples represents main structural units (evolutionary stages) of the Štiavnica Stratovolcano that are recognized on the 1 : 50,000 map .
Sampling localities are marked in the structural scheme of the stratovolcano (Fig. 2) . Their geographical and geological positions are provided in electronic Appendix 3, whereas short petrographic description and chemical characteristics of analysed samples are given in Appendices 3 and 4, respectively (available only in the electronic version). Appendices 1 and 2 include the obtained K-Ar and Rb-Sr ages along with source analytical data and their individual errors.
The chemical compositions of the Štiavnica Stratovolcano samples that were used for isotope dating are given in Appen- * -data published already by Chernyshev et al. (1995) . Numbers 1-42 correspond to sample numbers on the structural scheme (Fig. 2) . Their composition is close to high-potassium rocks of andesite-dacite suites in volcanic belts of the developed island arcs or continental margins . Appendix 1 presents all new K-Ar data. It also demonstrates the relationship among the K-Ar ages of groundmass, plagioclase and/or biotite separated from common samples. Results that are considered reliable and serve as a basis of the following discussion and conclusions, are indicated by bold type and grey background. Reliability of results has been evaluated on the basis of criteria mentioned in the part on methodology and compatibility with other results. Comments on the selection of reliable results in the case of individual samples are given below. Appendix 2 presents the results of Rb-Sr isochron dating, whereas Table 1 presents reliable results of K-Ar and Rb-Sr dating as accepted age values with 2 errors. Here we have also included results published by Chernyshev et al. (1995) as they were not discussed yet in the context of other data and the evolution of the Štiavnica Stratovolcano.
The primary objective of the Rb-Sr isochrone dating application in the present work was dating of intrusive rocks in the area of younger hydrothermal system overprint (regional propylitic alteration associated with the extensive system of epithermal veins) as the closure temperature of the Rb-Sr system rock-forming minerals (biotite, feldspars) is higher than for the K-Ar system. This is an important feature of the Rb-Sr system if we take into account that the younger hydrothermal system has reached temperatures of 250-300 °C (Kovalenker et al. 1991; Onačila et al. 1995) . Moreover, Rb-Sr age data represent the independent information that can be used to control results of K-Ar dating. Such a possibility has been used in the case of rocks containing biotite. In so doing 3-5 mineral fractions separated from a common rock were analysed. In two cases (samples GK-105, L-8/91) Rb-Sr measurements were limited to analyses of pairs biotite-whole rock, or biotiteglass. Out of 6 samples studied by both methods 4 andesite samples show a concordant K-Ar and Rb-Sr isochron ages that agree within the 2 error intervals while two felsic rock samples (L-8/91 rhyolite, GK-21 rhyodacite) exhibit a differences between the K-Ar ages and Rb-Sr ages that exceed the error intervals as much as 1.5-2 times.
Comments on the reliability of individual results
Most of the results of K-Ar dating obtained from groundmass fraction and Rb-Sr isochrone dating are reliable and need no comments. However, some of the results are contradictory and require comments on how reliable results have been chosen.
No. 1 (sample GP-4):
The obtained K-Ar isotope age of 15.0± 0.4 Ma on groundmass fraction corresponds to Early Badenian. That is in agreement with the structural position below the base of the Štiavnica Stratovolcano. The apparent age of 14.6± 0.4 Ma from plagioclase phenocrysts overlaps with results from the overlying rocks, so it is not considered representative.
No. 2 (sample GK-2/01):
The sample represents a lava flow filling a paleovalley eroded in rocks of the Sebechleby Formation. However, the age of 15.2± 0.4 Ma obtained from pyroxene andesite groundmass is older if compared with ages of the underlying formation in the range 14.8± 0.3 to 14.0± 0.4 Ma (Appendix 1 and Table 1) .
No. 4 (sample GK-110): K-Ar dating of groundmass fraction has provided the reliable age 14.0± 0.4 Ma. The result 15.6± 0.5 Ma from plagioclase phenocrysts is not considered representative, probably due to excess radiogenic argon.
No. 9 (sample GK-106): K-Ar dating of groundmass fraction has provided the age 13.7± 0.3 Ma. In this case plagioclase phenocrysts have provided a compatible result 13.8± 0.4 Ma.
Nos. 12 and 13 (samples St-14/06 and GK-57):
Results of K-Ar dating of groundmass fractions 13.5± 0.3 and 13.2± 0.4 place these lava flows into the upper parts of the lower structural unit (first stage). The result 15.1± 0.7 Ma from plagioclase phenocrysts of the sample No. 13 is not considered representative, probably due to excess radiogenic argon.
No. 14 (sample GP-11): K-Ar dating on groundmass fraction has provided the age 13.1± 0.4 Ma. The result 11.8± 0.5 Ma obtained from plagioclase phenocrysts is not considered representative.
No. 17a (sample St-2/08): An attempt to date the dyke by Rb-Sr isochrone method has not been successful ( No. 18 (sample St-83/91): K-Ar dating of mineral fractions provided the following ages: plagioclase -15.8± 2.0 Ma, amphibole -14.8± 1.2 Ma and biotite -12.7± 0.4 Ma; K-Ar isochrone provided the age 12.4± 0.2 Ma; Rb-Sr isochrone dating provided the age 12.4± 0.1 Ma. Both, K-Ar and Rb-Sr isochrone ages overlap with data from overlying andesites of the upper structural unit. As the K-Ar isochrone is affected by excess argon in plagioclase and amphibole the K-Ar age of biotite is considered the most representative.
No. 20 (sample GK-16): K-Ar dating provided the age 11.8± 0.3 Ma from groundmass fraction and 12.8± 0.3 Ma on biotite fraction; the result 15.1± 0.5 Ma obtained from plagioclase phenocrysts reflects excess radiogenic argon. Rb-Sr isochrone dating (Fig. A in Appendix 2) provided the age 12.9± 0.5 Ma. In this case we assume that groundmass has been affected by radiogenic argon loss (due to unrecognized alteration?). It follows that the K-Ar age for the biotite fraction and Rb-Sr isochrone age are considered representative.
No. 21 (sample GK-20): K-Ar dating provided the age 11.8± 0.3 Ma from the groundmass fraction and 12.1± 0.3 Ma from the biotite fraction. The plagioclase fraction provided the result 13.0± 0.4 Ma. Rb-Sr isochrone dating pointed to the age 12.4± 0.6 Ma. Usually the Rb-Sr isochrone age is considered the most reliable one and plagioclase apparent K-Ar ages are affected by the excess argon phenomena. However, in this case only the K-Ar age on plagioclase fits the geological position. Other results are too young considering the ages of overlying andesites of the upper structural unit.
No No. 32 (sample GK-21): K-Ar dating of groundmass provided the age 11.9± 0.3 Ma, the biotite fraction produced the age 12.2± 0.3 Ma, and the plagioclase fraction 13.7± 0.4 Ma perhaps reflecting excess radiogenic argon. Rb-Sr isochron dating provided the age 10.5± 0.2 Ma. The K-Ar ages of the groundmass and biotite fraction are considered the most reliable ones.
No. 35 (sample L-8/91 ): K-Ar dating of biotite and glass provided the ages 12.7± 0.4 Ma and 11.4± 0.4 Ma respectively. The Rb-Sr isochron dating provided the age 12.1± 0.1 Ma. The result obtained on biotite overlaps with ages of older andesites. Perlite glass is sensitive to possible radiogenic argon loss. The Rb-Sr isochron age is considered the most representative.
Discussion -evolution of the Štiavnica Stratovolcano
Volcanic formations preceding the Štiavnica Stratovolcano
Biostratigraphic dating of associated sedimentary and volcano-sedimentary rocks suggests the Early Badenian age (Zone NN5) for volcanic activity of garnet-bearing andesites (Kantorová 1962; Čechovič & Vass 1962; Lehotayová 1962; Lehotayová in Vass et al. 1979; Konečný et al. 1983; Kováč et al. 2005) . The same age is applicable for the early volcanic activity of garnet-bearing andesites/dacites in the Börzsöny mountain range, located further southward (Karátson et al. 2000) . According to Kováč et al. (2005) sedimentary rocks of the lowermost Badenian corresponding to the nannoplankton Zone NN4 are missing in the Slovak territory. The Early Badenian transgression reached the territory early during the NN5 Zone ( < 15.5 Ma), or early during the planktonic foraminiferal Zone Orbulina suturalis ( < 15.1 Ma). K-Ar dating of garnet-bearing andesite from the locality Breziny south of Zvolen (No. 1) to 15.0 ± 0.4 Ma fits well the biostratigraphic data. Older results of isotope dating of garnetbearing andesites in the range 16.2± 0.2 Ma to 15.7± 1.4 Ma (Bagdasarjan in Konečný et al. 1969; Repčok 1978 Repčok , 1981 are either erroneous or they imply volcanic activity before the Early Badenian transgression. Equivalent garnet-bearing andesites of the Börzsöny mountain range in Hungary show K-Ar ages in the interval 16.0-14.5 Ma (Karátson et al. 2000) . Apparently, garnet-bearing andesites represent a longer lasting volcanic activity. A partial overlap with volcanic activity of the first stage of the Štiavnica Stratovolcano (the oldest reliable age obtained is 14.8± 0.3 Ma) cannot be excluded on the basis of available data. We consider 14.8 Ma as a probable upper limit on their age in the area of the Štiavnica Stratovolcano.
Lower structural unit (1 st stage) of the Štiavnica Stratovolcano
Previous dating of the 1 st stage rocks by the FT method provided ages in the interval 16.5± 0.5 Ma to 15.9± 0.8 Ma (Repčok 1980 (Repčok , 1981 (Repčok , 1984 . New dating has provided a set of reliable results in the interval 14.8 ± 0.3 Ma to 13.1 ± 0.4 Ma, with most results in the interval 14.0 ± 0.4 Ma to 13.5 ± 0.3 Ma (Table 1) .
The Sebechleby Formation in the southern sector of the stratovolcano represents a relatively older lithostratigraphic unit of the 1 st stage . Relationship of the formation to biostratigraphically dated volcano-sedimentary rocks in the boreholes GK-3 Rykynčice (Lehotayová in Konečný et al. 1966; Brestenská et al. 1980; Planderová in Konečný et al. 1983 ) and ŠV-8 Dolné Semerovce Ozdínová 2008) points to the middle(?) to late Early Badenian age of the formation. The results of new dating in the range 14.8 ± 0.3 Ma to 13.8 ± 0.4 Ma (Nos. 3-7) are compatible with such a biostratigraphic assignment. The result 15.2 ± 0.4 Ma (No. 2) would be compatible with biostratigraphic assignment of the formation as well as with the isotope age of underlying volcanic products of garnet-bearing andesites (see above) only in the case that the real age is close to the lower limit of the error interval. This lava flow is also relatively younger as it fills a paleovalley in older rocks of the formation. Because of incompatibility with younger ages on underlying rocks it is not considered reliable. Taking into account the reliable results (Table 1) , the biostratigraphic evidence and a possible overlap of the 1 st stage with activity of garnet-bearing andesites, 15.0 Ma seems to be the best choice for the lower limit of the 1 st stage volcanic activity. However, volcanic activity of the 1 st stage has not started at the same time in all sectors of the stratovolcano. In the SW sector of the stratovolcano rocks of the 1 st stage rest on uppermost Lower Badenian marine sedimentary rocks (Brestenská in Karolus et al. 1975) . Considering correlation of chronostratigraphic units with the time scale (Kováč et al. 2005; Harzhauser & Piller 2007 ) volcanic activity of the 1 st stage started here as late as 14.0 to 13.6 Ma. That correlates with the absence of the Sebechleby Formation in this sector of the stratovolcano .
The Žibritov Effusive Complex in the south-eastern sector of the stratovolcano represents a relatively younger lithostratigraphic unit of the 1 st stage overlying the Sebechleby Formation . There is no biostratigraphic evidence available. New isotope dating has provided 4 results (Nos. 8-11) in the interval 14.1 ± 0.8 Ma to 13.4 ± 0.6 Ma (Table 6 ) around the Early/Late Badenian boundary. The lava flow at the locality Ficberg (No. 11) has formerly been assigned to the upper structural unit (4 th stage) of the stratovolcano on the basis of erroneous K-Ar dating to 11.4± 0.3 Ma (Bagdasarjan et al. 1970) .
New results of isotope dating of two pyroxene andesite lava flows next to Machulince in the western sector of the stratovolcano, namely 13.5 ± 0.3 Ma and 13.2 ± 0.4 Ma, respectively, assign these lava flows to the youngest products of the 1 st stage of the stratovolcano, corresponding to the Late Badenian. However, on the basis of geological mapping these lava flows have formerly been assigned to the upper structural unit (4 th stage) ) and their real assignment should be further clarified by detailed field investigation. Pyroxene-rich sandy deposits in the interval 194-230 m of the borehole ŠV-8 Dolné Semerovce assigned to the lowermost GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA, 2013, 64, 4, 327-351; Electronic Supplement, i-ix Upper Badenian Ozdínová 2008 ) may represent a volcano-sedimentary equivalent.
K-Ar dating of the 1 st stage pyroxene andesite lava flow south of Nová Baňa (No. 14) provided the age of 13.1 ± 0.4 Ma. As the lava flow is relatively close to the Nová Baňa epithermal system and shows signs of weak hydrothermal alteration its relatively young age might be a result of partial rejuvenation.
The upper limit for the time interval of the 1 st stage of the stratovolcano is set forth by (1) the Late Badenian age of overlying sedimentary rocks in the borehole ŠV-8 Dolné Semerovce (see below) and (2) by results of isotope dating of rocks from the Hodruša-Štiavnica Intrusive Complex (Nos. 15-17) in the range 13.4± 0.2 Ma to 13.3± 0.2 Ma. The intrusive complex is younger than rocks of the 1 st stage Konečný & Lexa 2001) . It follows that the most probable interval of the 1 st stage volcanic activity of the Štiavnica Stratovolcano is 15.0-13.5 Ma (middle Early Badenian to early Late Badenian).
Denudation and emplacement of subvolcanic intrusive complexes (2 nd stage)
Biostratigraphic evidence points to a Late Badenian age (Zone NN6) for sedimentary rocks corresponding to the denudation of the 1 st stage stratovolcano Ozdínová 2008) and to a late Late Badenian age for lacustrine sediments related to the early caldera subsidence (Planderová in Konečný et al. 1983) .
Previous attempts to date rocks of subvolcanic intrusive complexes by the K-Ar method on whole-rock samples (Bagdasarjan et al. 1970; Merlitsh & Spitkovskaya in Štohl 1976; Konečný et al. 1983) and by the FT method on mineral fractions (Repčok 1981 (Repčok , 1984 ) failed due to extreme scatter (19.5± 0.8 to 10.5± 0.5 Ma) and contradiction between individual results reflecting variably contamination by Hercynian basement rocks, excess radiogenic argon in low-K phases and/or rejuvenation. Discordant ages obtained from amphiboles and biotites (Repčok 1981 (Repčok , 1984 imply resetting of biotite ages. Only single K-Ar dating of the biotite mineral fraction provided a reasonable result of 13.9± 0.1 Ma (Kantor et al. 1988) .
The most reliable results obtained in the present work come from samples of the Hodruša-Štiavnica Intrusive Complex. Isotope dating of granodiorite pluton at two localities (Nos. 15-16) by the Rb-Sr method provided very close ages of 13.4 ± 0.2 Ma and 13.3 ± 0.6 Ma. Dating of diorite intrusion provided the same age 13.3 ± 0.2 Ma. These results assign the Hodruša-Štiavnica Intrusive Complex to the Late Badenian as assumed on the basis of geological data Konečný & Lexa 2001) .
Dating of granodiorite to quartz-diorite porphyry stocks and dyke clusters of the Zlatno and Tatiar Intrusive Complexes has not been successful. Attempts to date these rocks failed because of alterations of related porphyry hydrothermal systems and possible rejuvenation by younger epithermal systems. K-Ar dating of granodiorite porphyry from the locality Šementlov by Chernyshev et al. (1995) to 11.4 ± 1.2 Ma serves as an example. An attempt to date the granodiorite porphyry intrusion at the locality Zlatno by the Rb-Sr method (Krá et al. 2002) has failed too. The rock, including mafic enclaves up to 0.5 m in diameter, was isotopically homogenized at subsolidus temperatures. Results from separated amphiboles and biotites imply, that amphibole was enriched in radiogenic Sr lost by biotite during a younger event. The biotite-whole-rock isochron gave the apparent age 10.6 Ma.
The same applies to the younger Banisko Intrusive Complex. Owing to regional alteration related to thermal anomaly of extensive system of epithermal veins no reliable results have been obtained. FT dating of a quartz-diorite sill close to the locality Zlatno has provided apparent ages for amphibole and biotite of 13.4± 0.6 Ma and 13.6± 0.8 Ma respectively (Repčok 1984) . As some of the sills of the complex intruded into the lowermost parts of the Štiavnica Caldera filling (Figs. 3, 5 ) the age of the caldera filling (13.1-12.7 Ma) also represents the upper limit for the age of the intrusive complex (compare Fig. 6 ). The value 12.9 Ma in the middle of this interval is considered the most probable upper limit. It follows that the subvolcanic intrusive complexes of the Štiavnica Stratovolcano were emplaced in the time interval 13.4-12.9 Ma, corresponding to the Late Badenian.
Middle structural unit (caldera filling, 3 rd stage)
Palynomorphs in sediments interbedded with rocks of the Studenec Formation within the caldera as well as at the outskirts of the stratovolcano point to the interval late Late Badenian to Early Sarmatian (Planderová in Konečný et al. 1983 ). Overlying sediments have been assigned to the Lower Sarmatian (Sitár 1973; Planderová in Konečný et al. 1983) .
Previous isotope dating by the K-Ar and FT methods provided erroneous ages in the interval 16.4-14.8 Ma (Konečný et al. 1969; Repčok 1978 Repčok -1981 . New isotope dating by both, K-Ar and Rb-Sr methods, provided reliable ages in the interval 13.1 ± 0.3 Ma to 12.4 ± 0.1 Ma (see discussion to individual samples above and (Fig. 6 ) the best choice for the upper limit of the 3 rd stage and lower limit of the 4 th stage is 12.7 Ma. Considering correlation of chronostratigraphic units with the time scale (Kováč et al. 2005; Harzhauser & Piller 2007) , the volcanic activity of the 3 rd stage took place during the late Late Badenian and despite the palynological evidence probably did not extend into the Early Sarmatian.
Upper structural unit (4 th stage)
Biostratigraphic data from marine sediments interbedded with rocks of the upper structural unit in the SW sector of the stratovolcano reveal the Early Sarmatian age (Brestenská 1970; Karolus & Váňová 1973) . Freshwater lacustrine deposits interbedded with volcanic formations of the fourth stage elsewhere contain remnants of macroflora and palynomorphs implying the same age (Němejc 1967; Sitár 1973; Planderová in Konečný et al. 1983 ). However, Kováč et al. (2005) questioned the ability to distinguish Early and Late Sarmatian.
The upper structural unit comprises a succession of poorly correlated volcanic formations and complexes post-dating the Štiavnica Caldera and pre-dating rhyolite volcanism of the 5 th stage. Fig. 5 shows their probable succession. Previous isotope dating by the K-Ar and FT methods provided mostly erroneous ages in the interval 15.0-9.9 Ma (Konečný et al. 1969; Bagdasarjan et al. 1970; Repčok 1978 Repčok , 1981 . New isotope dating of the 4 th stage rocks (Nos. 22-30, Table 1 ) by K-Ar as well as Rb-Sr methods provided ages in the interval 13.0 ± 0.3 Ma to 12.0 ± 0.2 Ma. We have already discussed above that the probable lower limit on the age of the 4 th stage rocks is 12.7 Ma. The upper limit is constrained to 12.2 Ma by the overlap with results obtained from younger rhyolites (Table 1, Fig. 6 ) and by ages of rhyolites in the Nová Baňa area in the interval 12.31± 0.44-12.03± 0.38 Ma (Lexa & Pécskay 2010) . Considering correlation of chronostratigraphic units with the time scale (Kováč et al. 2005; Harzhauser & Piller 2007) , the volcanic activity of the 4 th stage took place during Early Sarmatian.
Rhyolites of the Jastrabá Formation (5 th stage)
Rhyolite activity accompanied the resurgent horst uplift and contemporaneous subsidence of the Žiar Depression. Palynological evidence points to the Late Sarmatian to Early Pannonian age (Planderová in Konečný et al. 1983) .
With few exceptions the results of previous isotope dating by the K-Ar and FT methods fall in the interval 12.9-10.7 Ma (Konečný et al. 1969; Bagdasarjan et al. 1970; Bojko et al. in Štohl 1976; Merlitsh & Spitkovskaya in Štohl 1976; Repčok 1981 Repčok , 1982 . The results of new dating by K-Ar, as well as Rb-Sr methods (Nos. 31-37, Table 1 ) fall in the interval 12.2 ± 0.8 Ma to 11.4 ± 0.4 Ma. This interval is comparable with the results of K-Ar dating of the Jastrabá Formation rhyolites in the Nová Baňa area and Kremnické vrchy mountain range that fall into the intervals 12.3± 0.4-12.0± 0.4 Ma and 12.3± 0.4-11.5± 0.4 Ma, respectively (Lexa & Pécskay 2010) . Considering correlation of chronostratigraphic units with the time scale (Kováč et al. 2005; Harzhauser & Piller 2007) , the rhyolite volcanic activity of the Jastrabá Formation (5 th stage) took place during the Late Sarmatian to earliest Pannonian time.
Post-rhyolite volcanic formations -high alumina basalts
The volcanic activity of high alumina basalts and basaltic andesites of the Šibeničný vrch Complex post-dated rhyolite volcanites of the Jastrabá Formation in the Žiar Depression. The reported K-Ar ages fall in the range 11.1 ± 0.8 to 8.2 ± 0.5 Ma (Balogh et al. 1998) , that corresponds to the Early to Late Pannonian time. New data are not available.
Post-rhyolite volcanic formations -alkali basalts
K-Ar dating of alkali basalt necks at Kysihýbel (No. 38) and Banská Štiavnica (No. 39) on whole-rock samples provided results of 7.8 ± 0.4 Ma and 5.7 ± 0.4 Ma, respectively. While the first result is compatible with the result of previous dating (7.31± 0.24 Ma, Konečný et al. 1999 ) the second result seems to be erroneous as previous dating provided results of 7.24± 0.25 Ma (Konečný et al. 1999 ) and 7.32± 0.23 Ma (Kantor & Wiegerová 1981) . The ages of both alkali basalt necks correspond to the latest Pannonian to Pontian time.
The alkali basalt volcano Pútikov vŕšok is the youngest volcano in Slovakia. Previous K-Ar dating of its lava flow using a whole-rock sample provided an age of 0.53± 0.16 Ma (Balogh et al. 1981) . Superposition over the Hron river Riss terrace points to age in the interval 0.15-0.12 Ma (Šimon & Halouzka 1996) , while optically stimulated luminescence (OSL) dating of underlying sediments provided an age of 102± 11 ka (Šimon & Maglay 2005) . New K-Ar dating of groundmass fractions carried out on 3 samples from different parts of the volcano provided very consistent results of 0.45 ± 0.06 Ma, 0.42 ± 0.06 Ma and 0.43 ± 0.06 Ma, respectively. It follows that the younger ages reported by Šimon & Halouzka (1996) and Šimon & Maglay (2005) obtained by indirect methods are questionable.
Ages of mineralization types
The high sulphidation system of Šobov is a part of the magmatic-hydrothermal system driven by diorite intrusion (Onačila et al. 1995; Lexa et al. 1999a,b) . Such systems are almost contemporaneous with emplacement of the parental intrusion (Sillitoe 2010) . The Rb-Sr isochron age of diorite 13.3± 0.2 Ma (Table 1) represents the best estimate of the mineralization age. The same type of argument is also applicable for the magnetite skarn and intrusion-related stockwork/ disseminated base metal mineralizations with granodiorite as the parental intrusion (Onačila et al. 1995; Koděra et al. 1998 Koděra et al. , 2004 Lexa et al. 1999a ). Their age is approximated by Rb-Sr isochron ages of granodiorite 13.4± 0.2 and 13.3± 0.6 Ma. However, considering the relative ages of diorite and granodiorite intrusions, these mineralizations are relatively younger than the Šobov high sulphidation system. We have no K-Ar data for the porphyry/skarn Cu± Au, Mo mineraliza-GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA, 2013, 64, 4, 327-351; Electronic Supplement, i-ix tion related to the emplacement of granodiorite porphyry stocks and dyke clusters (Onačila et al. 1995; Lexa et al. 1999a) and an attempt to apply Rb-Sr isochron method has not been successful due to rejuvenation (Krá et al. 2002) . Parental intrusions of granodiorite porphyry cross-cut granodiorite and are cross-cut by quartz-diorite porphyry dykes of the Banisko Intrusive Complex. This geological position places their origin into the time interval 13.1± 0.2 Ma.
Association of the epithermal gold mineralization at the Rozália mine with the early stage of the caldera subsidence and its origin prior to the emplacement of the quartz-diorite sills of the Banisko Intrusive Complex (Koděra & Lexa 2003; Koděra et al. 2005 ) place evolution of this mineralization into the time interval 13.0± 0.1 Ma. Kraus et al. (1999) dated illites from the above mentioned mineralizations. K-Ar dating of 2M 1 type illite from Šobov provided the age 12.4± 0.1 Ma, of 2M 1 >> 1M type illite from argillites of the stockwork/disseminated base metal mineralization provided the age 11.5± 0.3 Ma, while 2M 1 >> 1M type illite from the epithermal gold mineralization at the Rozália mine provided the age 11.9± 0.3 Ma. Such results are in conflict with the established geological position. The Šobov high sulphidation system is cross-cut by younger base metal epithermal veins showing temperatures over 300 °C (Kovalenker et al. 1991) and the stockwork/disseminated base metal mineralization and epithermal gold mineralization extend next to the Rozália vein in the hottest Cu-zone of the younger epithermal system (Onačila et al. 1995) , where temperature could reach GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA, 2013, 64, 4, 327-351; Electronic Supplement, i-ix 350 °C. A partial to complete rejuvenation due to long lasting reheating by younger epithermal system is highly probable.
The extensive system of precious/base metal low to intermediate sulphidation epithermal veins evolved during the uplift of the resurgent horst. K-Ar dating of adularia in epithermal veins provided the ages 12.0-10.7 Ma (Kantor & Ďurkovičová 1985; Kantor et al. 1988) . K-Ar dating of 1M>> 2M 1 type illite from the Terézia vein at the Weiden gallery provided the age 11.4± 0.2 Ma (Kraus et al. 1999 ). Rejuvenated ages of 11.5± 0.3 Ma and 11.9± 0.3 Ma also obtained from 2M 1 >> 1M type illites from older mineralizations (see above) are considered as indirect data. Dating of rhyolites to the time interval 12.2-11.4 Ma confirmed that evolution of the epithermal system took place during and after magmatic activity of the rhyolites (Kovalenker et al. 1991; Onačila et al. 1995; Chernyshev et al. 1995; Lexa et al. 1999a; Háber et al. 2001; Lexa 2001) . Lexa & Pécskay (2010) confirmed the same relationship in the case of rhyolites and epithermal system in the Nová Baňa ore deposit.
Lifespan of the Štiavnica Stratovolcano and breaks in volcanic activity
The lifespan of the stratovolcano is definitely shorter than assumed earlier. While Konečný et al. (1983 Konečný et al. ( , 1998 assumed its evolution in the Early Badenian through Early Pannonian time (16.4-10.7 Ma), the presented results from new K-Ar and Rb-Sr isotopic dating imply that it was active in the interval 15.0-11.4 Ma (middle Early Badenian-earliest Pannonian). The most prolonged first stage, representing construction of the compound andesite stratovolcano, took almost a half of the total duration of volcanic activity (1.5 Ma out of 3.6 Ma), whereas three later evolutionary stages representing emplacement of subvolcanic/intravolcanic intrusions, caldera subsidence and activity of postcaldera andesite volcanoes lasted only around 0.5 Ma each and the 5 th stage of rhyolite activity lasted around 0.8 Ma. The results of isotopic dating and their errors provide an illusion of continuous volcanic/magmatic activity. However, frequent unconformities and evidence for associated extensive erosion Konečný & Lexa 2001) point to frequent breaks in volcanic activity of variable duration. Analogy with recent volcanoes implies that in reality shorter periods of volcanic/magmatic activity were separated by longer lasting breaks giving opportunities for erosion. Thus several unconformities between lithostratigraphic units of the 1 st stage explain its unusually long duration. A longer lasting break in volcanic activity took place between the 1 st and 3 rd stages -prior to initial subsidence of the caldera. During this break the former compound andesite stratovolcano with elevation 3000-4000 m had been denudated down to the level of intravolcanic intrusions and thickness 500-1000 m in the central zone. However, this break in volcanic activity only partially overlapped with a break in magmatic activity as emplacement of subvolcanic/intravolcanic intrusive complexes took place towards its end. Another significant break in volcanic activity took place following the caldera subsidence. Volcanic rocks of the 4 th stage andesite volcanoes rest at many places on a levelled surface over the caldera fault.
Lithostratigraphic units of the 4 th stage are often separated by minor unconformities (Fig. 5) implying minor breaks in volcanic activity also during this stage. Finally, a major unconformity and related break in volcanic activity separated the rhyolites of the 5 th stage from the andesites of the 4 th stage.
Conclusions
We have applied the low-blank K-Ar method coupled with the Rb-Sr isochron method to a representative set of magmatic rocks that systematically cover the different structural units and evolutionary stages of the Neogene Štiavnica Stratovolcano. The K-Ar study of mineral components of common volcanic rocks has confirmed the phenomena of the excess radiogenic 40 Ar in plagioclase phenocrysts. Therefore, our recent geochronological study of the Štiavnica Stratovolcano was based especially upon K-Ar dating of groundmass fractions. Its combination with the Rb-Sr isochron dating provided highly reliable results.
Former attempts to date subvolcanic intrusive rocks using whole-rock samples failed owing to possible effects of contamination and partial rejuvenation due to regional hydrothermal alteration associated with the extensive systems of late stage epithermal veins overlapping with the extent of subvolcanic intrusions. We have managed to obtain reliable results for the granodiorite/diorite pluton of the Hodruša Intrusive Complex using the Rb-Sr isochron method.
Results of new K-Ar and Rb-Sr isotopic dating confirmed the succession of volcanic/magmatic activity based on results of geological mapping, superposition of lithostratigraphic units and major unconformities. At the same time we have achieved compatibility between the isotope and biostratigraphic ages of lithostratigraphic units by using the latest version of the geological time scale (Harzhauser & Piller 2007) and biostratigraphic assignment of sedimentary formations (Kováč et al. 2005) .
On the basis of new data and critical evaluation of older evidence, we are able to assign the most probable time intervals to the established evolutionary stages of the Štiavnica Stratovolcano and volcanic formations below and above. Based on the above discussion evolution of the Štiavnica Stratovolcano can be summarized as follows (Fig. 7 ):
1. Volcanic activity of garnet-bearing andesites at dispersed centers took place prior to the evolution of the Štiavnica Stratovolcano in the time interval 16.0-14.8 Ma (early to middle Early Badenian). A partial overlap with volcanic activity of the lower structural unit (1 st stage) cannot be excluded. 2. Evolution of the extensive compound stratovolcano of pyroxene and amphibole-pyroxene andesites took place during the time interval 14.8-13.5 Ma (middle Early Badenian to early Late Badenian). Periods of volcanic activity alternated with breaks of variable duration represented by internal erosion surfaces and unconformities. The stratovolcano reached a diameter of 35 to 40 km at the base of the volcanic cone and a probable elevation of 3000 to 4000 m.
3. Construction of the compound stratovolcano was followed by a period of denudation and emplacement of the extensive subvolcanic intrusive complex of diorite, granodiorite, GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA GEOLOGICA CARPATHICA, 2013, 64, 4, 327-351; Electronic Supplement, i-ix granodiorite porphyry and quartz-diorite porphyry during the time interval 13.5-12.9 Ma (Late Badenian). The youngest quartz-diorite sills were emplaced at the time of the initial subsidence of the Štiavnica Caldera.
4. Subsidence of the Štiavnica Caldera accompanied by activity of differentiated biotite-amphibole andesites occurred during the time interval 13.1-12.7 Ma (late Late Badenian). Volcanic activity overlapped partially with the emplacement of the youngest quartz-diorite porphyry sills.
5. Renewed explosive and effusive activity of andesites at centers in the caldera and on the slopes of the stratovolcano occurred during the time interval 12.7-12.2 Ma (Early Sarmatian).
6. Resurgent horst uplift accompanied by rhyolite volcanic activity along marginal faults took place during the time interval 12.2-11.4 Ma (Late Sarmatian to earliest Pannonian). Uplift of the resurgent horst and activity of the associated epithermal system continued till 10.7 Ma (Early Pannonian).
7. Sporadic activity of high alumina basalts in the northern sector of the stratovolcano took place during the time interval 11.1-8.2 Ma (Early to Late Pannonian).
8. Sporadic activity of alkali basalts took place in the time interval 7.8-7.2 Ma and 0.5-0.25 Ma. The younger age as reported on the basis of the position above one of the Quaternary terraces and OSL dating of underlying sedimentary rocks is problematic.
The lifespan of the stratovolcano is apparently shorter than assumed earlier. It was active in the interval 15.0 to 11.4 Ma (middle Early Badenian to earliest Pannonian), hydrothermal activity of the late stage epithermal system extending for 1.3 Myr since 12.0 till 10.7 Ma. Periods of volcanic/magmatic activity were separated by breaks of variable duration represented by unconformities and related denudation.
Our success in isotope dating of the granodiorite/diorite pluton and differentiated rocks filling the caldera enabled an indirect dating of associated mineralizations. Results obtained from rhyolites confirm association of the extensive late stage epithermal systems with rhyolite magmatism.
We have confirmed that K-Ar dating of groundmass fraction combined with Rb-Sr isochron dating in the cases of possible rejuvenation provides highly reliable results even in the case of complex evolution and deeply eroded volcanoes with exposed subvolcanic intrusions and related hydrothermal systems. The precision of the Rb-Sr method "internal" isochrones applied to Neogene volcanic rocks is limited by in-homogeneity of the initial 87 Sr/ 86 Sr ratios in mineral components. Nevertheless, in most cases when the Rb-Sr method was applied to dating the volcanic and intrusive rocks of the Štiavnica Stratovolcano, it has provided reliable results with precision of ± 0.2-0.5 Ma. 11.8 ± 0.1 I0 = 0.706659 ± 0.000021 MSWD = 0.28
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Mineral fractions: w.r. -whole rock, plag -plagioclase, kfs -K-feldspar, amph -amphibole, bt -biotite, gdm -groundmass. 
